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METHOD OF MANUFACTURING NANO-FIBERS 
WITH EXCELLENT FIBER FORMATION 

TECHNICAL FIELD 

0001. The present invention relates to a method for 
producing fibers having a thickness of a nano level (here 
inafter, nanofibers), and more specifically to a method for 
producing nanofibers which is capable of effectively pre 
venting nanofibers collected on a collector from being 
dissolved again by a remaining solvent, especially a solvent 
with a low volatility (a solvent with a high boiling point) to 
thus deteriorate fiber formation property by quickly volatil 
izing the solvent remaining on the collector using the 
collector with a heater. 

0002 More concretely, the present invention relates to a 
method capable of mass production of nanofibers at a high 
efficiency since remaining solvents can be volatilized more 
efficiently so that nanofibers electrostatically spun and col 
lected on a collector are not dissolved again by the solvents 
remaining on the collector when nanofibers are produced by 
using a solvent with a low volatility (a solvent with a high 
boiling point) or nanofibers are electrostatically spun for a 
long time by using a solvent with a relatively high volatility 
(a solvent with a low boiling point) for the purpose of mass 
production. 

BACKGROUND ART 

0003 Products such as nonwoven fabrics, membranes, 
braids, etc. composed of nanofibers are widely used for daily 
necessaries and in agricultural, apparel and industrial appli 
cations, etc. Concretely, they are utilized in a wide variety of 
fields, including artificial leathers, artificial Suede, Sanitary 
pads, clothes, diapers, packaging materials, miscellaneous 
goods materials, a variety of filter materials, medical mate 
rials such as gene transfer elements, military materials such 
as bullet-proof vests, and the like. 
0004. A typical electrostatic spinning apparatus disclosed 
in U.S. Pat. No. 4,044.404 comprises a spinning liquid main 
tank for storing a spinning liquid; a metering pump for 
constant feeding the spinning liquid; a nozzle block with a 
plurality of nozzles arranged for discharging the spinning 
liquid; a collector located on the lower end of the nozzles 
and for collecting spun fibers; and Voltage generators for 
generating a Voltage. 

0005. An electrostatic spinning method utilizing the elec 
trostatic spinning apparatus will be described in detail. A 
spinning liquid in the spinning liquid main tank is continu 
ously constant-fed into the plurality of nozzles with a high 
Voltage through the metering pump. 
0006 Continually, the spinning liquid fed into the 
noZZles is spun on the collector with a high Voltage through 
the nozzles to collect the spun nanofibers on the collector. 
0007. In the case that nanofibers are produced by such 
typical electrostatic spinning method of the prior art, there is 
a problem that the nanofibers collected on the collector are 
dissolved by a solvent remaining on the collector to thereby 
greatly deteriorate the fiber formation ability. 
0008 Especially, in the case that a solvent with a low 
Volatility (a solvent with a high boiling point) is used, the 
above-mentioned problem becomes more serious. 
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0009 Further, even in the case that a solvent with a high 
volatility (a solvent with a low boiling point) is used, the 
above-mentioned problem occurs in a manner that, when 
nanofibers are electrostatically spun for a long time for the 
purpose of mass production, the solvent remains on the 
collector, and accordingly the nanofibers collected on the 
collector are dissolved. 

0010. As a result, the typical electrostatic spinning 
method of the prior art was not appropriate for mass pro 
duction, and has limitations in the types of utilizable sol 
VentS. 

DISCLOSURE OF THE INVENTION 

0011 To solve the above problems, the present invention 
provides a method for producing nanofibers which is 
capable of effectively preventing nanofibers collected on a 
collector from being dissolved again by Volatilizing the 
Solvent remaining on the collector more quickly during an 
electrostatic spinning process. 

0012. Additionally, the present invention provides a 
method for mass production of nanofibers at higher fiber 
formation efficiency regardless of a solvent to be used. 

0013 To achieve the above objects, there is provided a 
method for producing nanofibers according to the present 
invention, characterized in that: when nanofibers 3 having a 
thickness of a nano level are produced by electrostatically 
spinning a spinning liquid 1 of a polymer resin solution on 
a collector 8 through a nozzle 2 under a high Voltage, a 
collector 8 provided with a heater 6 is used as the collector 
8. 

0014. Hereinafter, the present invention will be described 
in detail with reference to the accompanying drawings. 

0015 FIG. 1 is an enlarged schematic view of heater 6 
and Supporting element 7 sections of direct heating type in 
a collector employed in the present invention. FIG. 2 is an 
enlarged schematic view of heater 6 and Supporting element 
7 sections of indirect heating type in the collector employed 
in the present invention. 

0016. In the present invention, a collector 8 with a heater 
6 of such a direct heating type as shown in FIG. 1 or a 
collector 8 with a heater 6 of an indirect heating type as 
shown in FIG. 2 is employed in order to promote the 
volatilization of the solvent remaining on the collector when 
electrostatically spinning nanofibers. 

0017. As an concrete example of the collector 8 with the 
heater 6 of direct heating type, can be used a laminate 
element of a three layer structure which is composed of (i) 
a Supporting element 7 which is a lower end Surface, (ii) a 
conductive plate 5 which is an upper end Surface, and (iii) 
a heater 6 of direct heating type located between the Sup 
porting element and the conductive plate. 

0018. As the heater 6 of direct heating type, as shown in 
FIG. 1, can be used a heating plate 6a which has hot wires 
6b covered with dielectric polymer arranged at constant 
intervals and a temperature controller 6c attached thereto. 

0019. As the dielectric polymer for covering the hot 
wires, preferably used is silicon having a Superior current 
blocking property. 
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0020 Silicon is advantageous in that it is easy to handle 
with because of a superior flexibility as well as the current 
flow blocking property. 
0021. The conductive plate 5 to be laminated on the top 
of the heater 6 is made from a material having a Superior 
conductivity Such as aluminum, copper, stainless steel, etc. 
0022. Meanwhile, the supporting element 7 located on a 
lower part of the heater 6 is preferably made from a 
dielectric material such as plastic or the like in order to 
minimize heat loss and increase adiabatic effect. 

0023. When the collector 8 with the heater 6 of direct 
heating type is used, heat is Supplied to the hot wires 6b in 
the heater 6 during electrostatic spinning to heat the heating 
plate 6a, and the heat generated from the heating plate 6a is 
conducted to the conductive plate 5 forming the surface of 
the collector 8, to thereby quickly volatilize the solvent 
remaining on the collector 8. 
0024. Further, the surface temperature of the collector 8 
can be controlled by the temperature controller 6c connected 
to the heating plate 6a. 
0025. On the other hand, as an concrete example of the 
collector 8 with the heater 6 of indirect heating type, can be 
used a laminate element of a three layer structure which is 
composed of (i) a Supporting element 7 which is a lower end 
Surface, (ii) a conductive plate 5 which is an upper end 
Surface, and (iii) a heater 6 located between the Supporting 
element and the conductive plate and indirectly heated by 
heat transfer medium circulation. 

0026. As the heater 6, as shown in FIG. 2, can be used a 
heater of Such a plate type which has a heat transfer medium 
circulation tube 6e equipped inside and is connected to a 
circulation type heat reservoir 6d through a heat transfer 
medium feed section 6f and a heat transfer medium dis 
charge section 6g. 
0027. As the heat transfer medium, can be used water, 
steam or oil. The present invention does not specifically 
limit the type of the heat transfer medium. 
0028. The conductive plate 5 laminated on the top of the 
heater 6 is made from a material having a Superior conduc 
tivity Such as aluminum, copper, stainless steel, etc. 
0029. Meanwhile, the supporting element 7 located on a 
lower part of the heater 6 is preferably made from a 
dielectric material such as plastic or the like in order to 
minimize heat loss and increase adiabatic effect. 

0030. When the collector 8 with the heater 6 of indirect 
heating type is used, the heater 6 is heated by circulating the 
heat transfer medium heated in the circulation type heat 
reservoir 6d into the heat transfer medium circulation tube 
6e in the heater 6 during electrostatic spinning, and the heat 
generated from the heater 6 is conducted to the conductive 
plate 5 forming the surface of the collector 8, to thereby 
quickly volatilize the solvent remaining on the collector 8. 
0031. A mechanism of heating the heater 6 of indirect 
heating type will be described in more detail. As shown in 
FIG. 2, the heat transfer medium is heated at a desired 
temperature in the circulation type heat reservoir 6d. Next, 
the heated heat transfer medium is introduced into the heat 
transfer medium circulation tube 6e equipped in the heater 
6 through the heat transfer medium feed section 6f and then 
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indirectly heats the heater 6 while flowing along the heat 
transfer medium circulation tube 6e. Next, the heat transfer 
medium whose temperature is lowered is circulated into the 
circulation type heat reservoir 6d through the heat transfer 
medium discharge section 6g and is heated again at a desired 
temperature. This circulation procedure is repeated. 
0032. The surface temperature of the collector 8 is prop 
erly controlled as needed. The temperature preferably ranges 
from a room temperature to 300° C., and more preferably 
from a room temperature to 200° C. 
0033 FIG. 3 is a process schematic view of the produc 
tion of nanofibers in a top-down electrostatic spinning type 
by utilizing the collector 8 with the heater 6 according to the 
present invention. FIG. 4 is a process schematic view of the 
production of nanofibers in a down-top electrostatic spin 
ning type by utilizing the collector 8 with the heater 6 
according to the present invention. FIG. 5 is a process 
schematic view of the production of nanofibers in a hori 
Zontal electrostatic spinning type by utilizing the collector 8 
with the heater 6 according to the present invention. 
0034) The collector 8 with the heater 6 of this invention 
is applicable regardless of angles of the nozzle and collector. 
0035. As a result, the present invention is applicable to all 
of the top-down electrostatic spinning, down-top electro 
static spinning and horizontal electrostatic spinning as 
shown in FIGS. 3 to 5. 

0036) As mentioned above, the present invention 
employs the collector 8 with the heater 6 of director indirect 
heating type, thus it can volatilize the solvent remaining on 
the collector 8 within a short time. Subsequently, it is 
possible to prevent the phenomenon that the nanofibers 
collected on the collector 8 are dissolved again by the 
remaining solvent, thereby improving fiber formation effi 
ciency even in the case that a solvent with a low volatility 
(a solvent with a high boiling point) is used. 
0037 Additionally, the present invention is capable of 
mass production of nanofibers for a long time by using a 
solvent with a high volatility (a solvent with a low boiling 
point). 

BRIEF DESCRIPTION OF THE DRAWINGS 

0038 FIG. 1 is an enlarged schematic view of heater 6 
and Supporting element 7 sections of direct heating type in 
a collector 8 employed in the present invention; 
0039 FIG. 2 is an enlarged schematic view of heater 6 
and Supporting element 7 sections of indirect heating type in 
the collector 8 employed in the present invention; 
0040 FIG. 3 is a process schematic view of a top-down 
electrostatic spinning type according to the present inven 
tion; 
0041 FIG. 4 is a process schematic view of a down-top 
electrostatic spinning type according to the present inven 
tion; 
0042 FIG. 5 is a process schematic view of a horizontal 
electrostatic spinning type according to the present inven 
tion; 
0043 FIG. 6 is an enlarged photograph of a nanofiber 
web produced according to Example 1 (in which a heater of 
direct heating type is attached and used); 
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0044 FIG. 7 is an enlarged photograph of a nanofiber 
web produced according to Example 2 (in which a heater of 
indirect heating type is attached and used); and 
0045 FIGS. 8 and 9 are enlarged photographs of a 
nanofiber web produced according to Comparative Example 
1 (in which no heater is used). 

0046 Explanation of Reference Numerals for the Main 
Parts of the Drawings. 

0047 1: spinning liquid which is a polymer resin solution 
2: nozzle 

0.048 3: electrostatically spun nanofiber 4: high voltage 
generator 

0049) 5: conductive plate 6: heater 

0050 7: supporting element 8: collector (nanofiber accu 
mulation plate) 

0051 6a: heating plate 6b, hot wire covered with dielec 
tric polymer 

0.052 6c: temperature controller 6d: circulation type heat 
reservoir 

0053 6.e.: heat transfer medium circulation tube 6f heat 
transfer medium feed section 

0054 6g: heat transfer medium discharge section 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0.055 The present invention is now understood more 
concretely by comparison between examples of the present 
invention and comparative examples. However, the present 
invention is not limited to Such examples. 

EXAMPLE 1. 

0056 8% by weight of polyurethane resin (Pellethane 
2103-80AE of Dow Chemical Company) with a molecular 
weight of 80,000 was dissolved N,N-dimethylformamide to 
prepare a spinning liquid. Next, the prepared spinning liquid 
was electrostatically spun in a down-top electrostatic spin 
ning method as shown in FIG. 4 to produce nanofibers. 
0057 During the electrostatic spinning, the voltage was 
30 kV and the spinning distance was 20 cm. As a voltage 
generator, Model CH 50 of Simco Company was used. As a 
nozzle plate, a nozzle plate with 2,000 holes (nozzles) 
having a 0.8 diameter uniformly arranged was used. 

0.058. Further, as a collector 8, was used a laminate 
element of a three layer structure which is composed of (i) 
a Supporting element 7 of a polypropylene plate, (ii) a heater 
6 of direct heating type located on the Supporting element 
and composed of a heating plate 6a which has hot wires 6b 
covered with silicon arranged at constant intervals and a 
temperature controller 6c attached thereto, and (iii) a con 
ductive plate 5 made from an aluminum film and located on 
top of the heater. The surface temperature of the collector 
was 95° C. 

0059 An enlarged photograph of a nanofiber web pro 
duced as above is as shown in FIG. 6. 

Jul. 5, 2007 

EXAMPLE 2 

0060) 8% by weight of polyurethane resin (Pellethane 
2103-80AE of Dow Chemical Company) with a molecular 
weight of 80,000 was dissolved N,N-dimethylformamide to 
prepare a spinning liquid. Next, the prepared spinning liquid 
was electrostatically spun in a down-top electrostatic spin 
ning method as shown in FIG. 4 to produce nanofibers. 

0061 During the electrostatic spinning, the voltage was 
30 kV and the spinning distance was 20 cm. As a voltage 
generator, Model CH 50 of Simco Company is used. As a 
nozzle plate, a nozzle plate with 2,000 holes (nozzles) 
having a 0.8 diameter uniformly arranged was used. 

0062 Further, as a collector 8, was used a laminate 
element of a three layer structure which is composed of (i) 
a Supporting element 7 of a polypropylene plate, (ii) a heater 
6 of Such a plate type that has a heat transfer medium 
circulation tube 6e equipped inside and is connected to a 
circulation type heat reservoir 6d by a heat transfer medium 
feed section 6f and a heat transfer medium discharge section 
6g, and (iii) a conductive plate 5 made from an aluminum 
film and located on top of the heater. The surface tempera 
ture of the collector was 85° C. 

0063 An enlarged photograph of the portion of a pro 
duced nanofiber web spun into three holes is as shown in 
FIG. 7. 

COMPARATIVE EXAMPLE 1. 

0064 Nanofibers were produced in the same process and 
method as in Example 1 except that a typical collector with 
no heater 6 attached thereto was used in place of the 
collector 8 with a heater 6 of direct or indirect heating type 
of Example 1 or Example 2. 

0065. An enlarged photograph of a produced nanofiber 
web is as shown in FIG. 8, and an enlarged photograph of 
the portion of a produced nanofiber web spun into three 
holes is as shown in FIG. 9. 

0066 By comparison between FIG. 6, the enlarged pho 
tograph of the nanofiber web produced in Example 1 and 
FIG. 8, the enlarged photograph of the nanofiber web 
produced in Comparative Example 1, or by comparison 
between FIG. 7, the enlarged photograph of the nanofiber 
web produced in Example 2 and FIG. 9, the enlarged 
photograph of the nanofiber web produced in Comparative 
Example 1, it can be found out that the nanofibers produced 
in Example 1 and Example 2 maintain their fiber form as it 
is while the nanofibers produced in Comparative Example 1 
are dissolved by the solvent on the collector and thus greatly 
damaged in their fiber form. 

INDUSTRIAL APPLICABILITY 

0067. The present invention can quickly volatilize the 
Solvent remaining on the collector during an electrostatic 
spinning process and thus effectively prevent the nanofibers 
collected on the collector from being dissolved. 
0068 Accordingly, the present invention is capable of 
mass production of nanofibers regardless of the type of a 
Solvent to be used and capable of greatly improving fiber 
formation efficiency. 
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What is claimed is: 
1. A method for producing nanofibers with an excellent 

fiber formation property, characterized in that: when nanofi 
bers 3 having a thickness of a nano level are produced by 
electrostatically spinning a spinning liquid 1 of a polymer 
resin solution on a collector 8 through a nozzle 2 under a 
high voltage, a collector 8 with a heater 6 is used as the 
collector 8. 

2. The method of claim 1, wherein the collector with the 
heater 6 is a laminate element of a three layer structure 
which is composed of (i) a Supporting element 7 which is a 
lower end surface, (ii) a conductive plate 5 which is an upper 
end Surface, and (iii) a heater 6 of direct heating type located 
between the Supporting element and the conductive plate. 

3. The method of claim 1 or 2, wherein the heater 6 is a 
heating plate 6a which has hot wires 6b covered with 
dielectric polymer arranged at constant intervals and a 
temperature controller 6c attached thereto. 

4. The method of claim 1, wherein the heater 6 is a heater 
indirectly heated by heat transfer medium circulation. 

5. The method of claim 1, wherein the collector 8 with the 
heater 6 is a laminate element of a three layer structure 
which is composed of (i) a Supporting element 7 which is a 
lower end surface, (ii) a conductive plate 5 which is an upper 
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end surface, and (iii) a heater 6 located between the Sup 
porting element and the conductive plate and indirectly 
heated by heat transfer medium circulation. 

6. The method of claim 4 or 5, wherein the heat transfer 
medium is water, Steam or oil. 

7. The method of claim 1 or 5, wherein the heater 6 is of 
Such a plate type which has a heat transfer medium circu 
lation tube 6e equipped inside and is connected to a circu 
lation type heat reservoir 6d through a heat transfer medium 
feed section 6f and a heat transfer medium discharge section 
6g. 

8. The method of claim 2 or 5, wherein the conductive 
plate 5 is made from aluminum, copper or stainless Steel. 

9. The method of claim 2 or 5, wherein the supporting 
element 7 is made from plastic which is dielectric. 

10. The method of claim3, wherein the dielectric polymer 
is silicon. 

11. The method of claim 1, wherein the electrostatic 
spinning method is a top-down electrostatic spinning type, a 
down-top electrostatic spinning type or a horizontal electro 
Static spinning type. 


